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5HFHQW GHYHORSPHQWV LQ &LYLO (QJLQHHULQJ SURSRVHG WKH DSSOLFDWLRQ RI VWUXFWXUDO WRSRORJ\ RSWLPLVDWLRQ WR
EXLOGLQJVDQGFLYLO HQJLQHHULQJVWUXFWXUHV$HURVSDFHDQGDXWRPRWLYHHQJLQHHUV URXWLQHO\HPSOR\ WRSRORJ\
RSWLPLVDWLRQ DQG KDYH UHSRUWHG VLJQLILFDQW VWUXFWXUDO SHUIRUPDQFH JDLQV DV D UHVXOW 5HFHQWO\ GHVLJQHUV RI
EXLOGLQJV DQG VWUXFWXUHVKDYHDOVR VWDUWHG LQYHVWLJDWLQJ WKHXVHRI WRSRORJ\RSWLPLVDWLRQ IRU WKHGHVLJQRI
HIILFLHQW DQG DHVWKHWLFDOO\ SOHDVLQJ GHYHORSPHQWV 7KLV SDSHU H[SORLWV FRPSXWDWLRQDO VWUXFWXUDO WRSRORJ\
RSWLPLVDWLRQ 672 WR GHOLYHU D QRYHO H[RVNHOHWRQ IRU ODWWLFH VHOIVXSSRUWLQJ WHOHFRPPXQLFDWLRQ WRZHUV
7RSRORJ\RSWLPLVDWLRQ72HPSOR\VLQWHOOLJHQWPDWKHPDWLFDODOJRULWKPVWRJHQHUDWH'OD\RXWVRUILQH'
PRGHOVUHSUHVHQWLQJVWUXFWXUDOVNHOHWRQVVXLWDEOH WRSUHVFULEHGIRUPVZLWK LQWULJXLQJDUFKLWHFWXUDO IHDWXUHV
DQG LPSURYHGZHLJKWWRVWLIIQHVV UDWLR7KHSUHVHQW VWXG\ LQYHVWLJDWHV WKHSRWHQWLDOVRQGHOLYHULQJD ODWWLFH
QRYHOWRZHUPRUSKRORJ\WKURXJKERWK',QSDUWLFXODUDQHZWRSRORJ\UHSUHVHQWLQJDVLQJOHIDFHRIDODWWLFH
VHOIVXSSRUWHGWRZHUFRPSRVHGRIµKLJKZDLVWHG¶EUDFLQJW\SHZDVFUHDWHGXVLQJ'672ZLWKDVHTXHQWLDO
UDWLRQDOH&RQFOXVLRQVDUHGUDZQZLWKUHVSHFWWRWKHRSWLPLVDWLRQDQDO\VHV2$PDMRUREVHUYDWLRQVDQGWKH
SRWHQWLDODGYDQWDJHVRI672WRWKHGHVLJQRIODWWLFHWHOHFRPPXQLFDWLRQWRZHUVRURWKHUVLPLODUH[RVNHOHWRQ
VWUXFWXUHV

.H\ZRUGV/DWWLFHWHOHFRPPXQLFDWLRQWRZHUV6WUXFWXUDOWRSRORJ\RSWLPLVDWLRQ+LJKZDLVWHGEUDFLQJW\SH
$OWDLU(QJLQHHULQJ


 ,1752'8&7,21

$VWKHWHOHFRPPXQLFDWLRQLQGXVWU\JURZWKUHPDLQVIHGE\WKHSXEOLFFRQVWDQWGHPDQGIRUPRUHDQG
EHWWHU VHUYLFHV DV ZHOO DV QHZ LQIUDVWUXFWXUH DQG UHSODFHPHQWV PRGHUQL]DWLRQV DQG QHFHVVDU\
XSJUDGHVRI WKHH[LVWLQJRQHVFRQWLQXHWRWDNHSODFH7KLVFDOOVIRUWKHFUHDWLRQRIQHZFRPSHWHQW
WHFKQRORJ\ WKDW ZLOO EH DWWDFKHG RQ WDOO ODWWLFH EURDGFDVWLQJ WHOHFRPPXQLFDWLRQ VWUXFWXUHV ,W
LQYROYHV DQWHQQDV DQG GLVKUHIOHFWRUV RI GLIIHUHQW VL]H VKDSH DQG ZHLJKW LQ FRPSDULVRQ WR WKHVH

FXUUHQWO\XWLOL]HG&XUUHQWO\QHZWHFKQRORJLHVDUHPRXQWHGRQH[LVWLQJWRZHUVDWGLIIHUHQWKHLJKWV
WKDQ WKH SUHYLRXV UHVXOWLQJ LQ WKH DOWHUDWLRQ RI WKH GHVLJQ ORDGFDUU\LQJ VFHQDULRV DQG WKXV
FDSDELOLWLHVRIWKHLQGLYLGXDOVWUXFWXUDOFRPSRQHQWVZLWKVRPHWLPHVFXUUHQWDV\PPHWULFGLVWULEXWLRQ
RI IRUFHVZLWKLQ WKHVWUXFWXUHV¶ VNHOHWRQ >@ ,QDGGLWLRQQHZHTXLSPHQW LQFUHDVH WKHVROLGLW\DQG
VXUIDFHDUHDRIWKHWRZHUVFRQVHTXHQWO\WKHZLQGGUDJEHFRPHVPRUHLQWHQVH+RZHYHULWLVZRUWK
WRQRWHWKDWH[LVWLQJWHOHFRPPXQLFDWLRQWRZHUVKDYHQRWEHHQGHVLJQHGWRWKDWH[WHQWWRFRSHZLWK
VXFKDGGLWLRQDOJUDYLWDWLRQDODQGODWHUDOIRUFHV+HQFHLWLVSRVVLEOHWKDWH[LVWLQJWRZHUVZLWKQHZO\
DWWDFKHG HTXLSPHQW ZLOO JHW GDPDJHG RU HYHQ FROODSVH GXH WR WKHLU LQDELOLW\ WR FDUU\ WKH QHZ
DGGLWLRQDO IRUFHV (IWK\PLRX HW DO >@ VWDWHG WKDW WKH FRQVHTXHQFHV WR WKH VRFLDO DQG HFRQRPLF
GRPDLQUHVXOWLQJIURPWKHFROODSVHRIVXFKVWUXFWXUHVFDQEHUHJDUGHGDVHTXDOO\GDPDJLQJWRWKH
FRQVHTXHQFHVFDXVHGE\WKHFROODSVHRIDEULGJHRURWKHUVLPLODULQIUDVWUXFWXUH7KHUHIRUHXQGHUWKH
FRQGLWLRQVRILPSURYHPHQWDQGXSJUDGHRIWKHFXUUHQWEURDGFDVWLQJVHUYLFHVHVWDEOLVKPHQWRIQHZ
WRZHUVDQGUHKDELOLWDWLRQRUFRPSOHWHUHSODFHPHQWRIWKHROGODWWLFHWRZHUVLVGHHPHGLQPDQ\FDVHV
QHFHVVDU\>@

)XUWKHUPRUH GXH WR WKH IDFW WKDW WKHVH WDOO DQG IOH[LEOH VWUXFWXUHV DUH UHSHDWHGO\ VXEMHFWHG WR
IOXFWXDWLQJVWUHVVHVLQGXFHGE\G\QDPLFZLQGHIIHFWVLWLVYHU\OLNHO\WKDWWKH\ZLOOXQGHUJRIDWLJXH
GDPDJH 2OG WHOHFRPPXQLFDWLRQ PDVWV DQG WRZHUV WKDW VXIIHU IDWLJXH GDPDJH PD\ QHHG WR EH
UHSODFHG>@

*HQHUDOO\WKHZRUOGZLGHGHPDQGIRULQVWDOOLQJWDOOODWWLFHWHOHFRPPXQLFDWLRQWRZHUVDQGPDVWVKDV
LQFUHDVHG7KHUDSLGJURZWKRIPRELOHWHOHFRPPXQLFDWLRQLQGXVWU\XVKHUHGLQDEULJKWQHZHUDIRU
WKH ODWWLFH VHOIVXSSRUWHG WRZHUV DQG JX\HG PDVWV -XVW WR JHW D IHHOLQJ RI WKH WHOHFRP LQGXVWU\¶V
HIIHFW LQ WKH LQVWDOODWLRQ RI QHZ WRZHUV RU PDVWV 6W¡WWUXS$QGHUVHQ >@ PHQWLRQV WKDW  RI D
VSHFLILFW\SHRIWRZHUVZHUHFUHDWHGIRU&RQQHFW$XVWULDLQDVKRUWSHULRGRIWLPH

7KLV JUHDW GHPDQG IRU WKH LQVWDOODWLRQ RI QHZ WRZHUV UHTXLUHV EXLOGLQJ SHUPLWV ZKLFK DUH YHU\
GLIILFXOWWRDFTXLUHLIWKHDHVWKHWLFYDOXHRIWKHFRQFHUQHGVWUXFWXUHLVQRWDGHTXDWH>@,QDGGLWLRQ
WKHLQFUHDVLQJQXPEHURIPDVWVDQGWRZHUVFDQFDXVHYLVXDOLQWUXVLRQWRWKHODQGVFDSHZKLFKPDNHV
WKH SURFHVV RI DFKLHYLQJ EXLOGLQJ SHUPLW HYHQ PRUH GLIILFXOW > @ :LWK WKDW LQ PLQG LW LV
XQIRUWXQDWHWKDWWRZHUVZLWKLQFUHDVHGVROLGLW\DUHHYHQPRUHQRWLFHDEOHDGLVWLQFWGLVDGYDQWDJHLQ
DHVWKHWLF WHUPV 7KHUHIRUH ZKDW VSULQJV IURP WKLV VLWXDWLRQ LV WKH UHTXLUHPHQW WR GHYHORS ODWWLFH
WHOHFRPPXQLFDWLRQWRZHUVZLWKLPSURYHGDUFKLWHFWXUDODSSHDUDQFHDQGUHGXFHGVROLGLW\ZKLOHDOVR
EHLQJ DEOH WR IXOILO DOO VWUXFWXUDO FDSDELOLW\ DQG IXQFWLRQDO XWLOLW\ GHPDQGV 7KH DXWKRUV RI WKLV
UHVHDUFK DWWHPSW WR GHYHORS D ODWWLFH WHOHFRPPXQLFDWLRQ WRZHU WRSRORJ\ WKDW IXOILOV WKH
DIRUHPHQWLRQHGUHTXLUHPHQWVWKURXJKDQLQWULJXLQJFRPSXWDWLRQDO672DSSURDFK

 &21&(378$/'(6,*1621%8,/',1*6

7KH XS WR GDWH OLWHUDWXUH VKRZV QR VLJQ RI WKH XVH RI FRPSXWDWLRQDO 672 WHFKQLTXHV IRU WKH
SURGXFWLRQRIVWHHOODWWLFHWHOHFRPPXQLFDWLRQH[RVNHOHWRQVWUXFWXUHV1HYHUWKHOHVVWKHUHLVDFXUUHQW
WUHQG LQUHVHDUFKDQGSUDFWLFH WRHPSOR\FRPSXWDWLRQDO672WHFKQLTXHVIRU WKHGHVLJQRIRSWLPDO
ODWHUDOVXSSRUWV\VWHPVRIKLJKULVHEXLOGLQJVRUIRUWKHSURGXFWLRQRIFRPSOHWHEXLOGLQJVNHOHWRQV
GULYHQE\DUFKLWHFWV>@DVZHOODVIRUWKHGHVLJQRIQRYHOQRQVWDQGDUGOLJKWZHLJKWDQGVWLII
VWUXFWXUDOHOHPHQWV>@7\SLFDOH[DPSOHVRIWKHDSSOLFDWLRQVPHQWLRQHGDUHGHSLFWHGLQ)LJ


Fig. 16WUXFWXUDOWRSRORJ\RSWLPLVDWLRQWHFKQLTXHVRQEXLOGLQJV>@
7R LQWHUSUHW WKH UHVXOWVRI WKLVSDSHU UHVXOWLQJ WRSRORJLHVRISUHYLRXV VWXGLHVZLOOEHXVHG7KHVH
VWXGLHV DLPHG LQ SURGXFLQJ WRSRORJ\ OD\RXWV DSSURSULDWH IRU KLJKULVH EXLOGLQJ GHVLJQ XVLQJ
PDQXIDFWXULQJ FRQVWUDLQWV VXFK DV V\PPHWU\ DQG SDWWHUQ JUDGDWLRQ >@ 7RSRORJLHV VXFK DV WKH
RSWLPXPFDQWLOHYHUDQGVKHDUEUDFLQJSUHVHQWHGZLWKLQ6WURPEHUJHWDO>@ZLOOEHPHQWLRQHGWR
H[SODLQWKHFRQFHSWXDOOD\RXWVREWDLQHGKHUHLQ

8OWLPDWHO\WKLVHQGHDYRXUDLPVWRLQYHVWLJDWH672SRWHQWLDOVDVDWRROZKHQWKLVLVHPSOR\HGLQWKH
GHVLJQSURFHVVRIDHVWKHWLFDOO\SOHDVLQJDQGVWUXFWXUDOO\HQKDQFHGODWWLFHWHOHFRPPXQLFDWLRQWRZHUV
7KHRYHUDOOREMHFWLYHVRIWKLVUHVHDUFKSDSHULQWKHFRQWH[WRIIXOILOOLQJWKLVDLPDUHWRDSURGXFH
RSWLPLVHG FRQFHSWXDO OD\RXWV WKURXJK FRPSXWDWLRQDO 672 E FRPSDUH FRQFHSWXDOO\ WKH UHVXOWV
ZLWKH[LVWLQJOLWHUDWXUHFHQKDQFHWKHVWUXFWXUHV¶DHVWKHWLFYDOXHFGHOLYHUWRSRORJLHVZLWKORZ
QXPEHURIVWUXFWXUDOHOHPHQWVWRFUHDWHLQWKHIXWXUHH[RVNHOHWRQVZLWKUHGXFHGVROLGLW\DQGPDVVLQ
FRPSDULVRQWRWKHH[LVWLQJRQHVGGHOLYHUDQHDV\WRDVVHPEO\WRSRORJ\
 &216758&7,212)7+(''(6,*1'20$,16

7RSHUIRUPWKHRSWLPLVDWLRQDQDO\VLV2$DQGSURGXFHDWRSRORJ\OD\RXWIRUDQRYHOPRUSKRORJ\
RIDQHZWRZHUWKH'PXVWEHILUVWFUHDWHG'DSSURDFKLVIROORZHGWRYLVXDOL]HWRSRORJLHVIRUD
VLQJOH WRZHU¶V IDFH IRUPHG LQ UHODWLRQ WR WKH GRPDLQ ORDGLQJ DQG ERXQGDU\ FRQGLWLRQV DQG '
PDLQO\ WR VHH LI KRUL]RQWDO PHPEHUV DUH UHTXLUHG LQ EHWZHHQ WKH H[RVNHOHWRQ VWUXFWXUH 7KH
IROORZLQJ VHFWLRQV EULHIO\ GHVFULEH WKH LGHD DQG SURFHVV IRU WKH FRQVWUXFWLRQ RI WKH GRPDLQV DQG
HVWDEOLVKPHQWRIORDGVDQGERXQGDU\FRQGLWLRQV

 'RPDLQVFRPSXWDWLRQDOGHVLJQDQGJHRPHWULFDOFKDUDFWHULVWLFV

$OO WKH GHVLJQ GRPDLQV FUHDWHG DUH EDVHG RQ WKH JHRPHWU\ RI D VWHHO ODWWLFH VHOIVXSSRUWHG WRZHU
ORFDWHGLQ*UHHFHZKLOHGHVLJQHGWRUHVLVWZLQGDVZHOODVVHLVPLFDFWLRQV)LJ7KHPWDOO
IRXUOHJJHG WRZHU IHDWXUHV VTXDUH RQ SODQ FRQILJXUDWLRQ SDUWLDOO\ WDSHUHG YHUWLFDO SURILOH DQG
WULDQJXODU VKDSHG WLS WR DOORZ DQWHQQD ILWWLQJ )ROORZLQJ WKDW WKUHH' GLVWLQFW JHRPHWULHV ZHUH
IRUPHGDOOEDVHGRQWKHSHULPHWHUOLQHVRIWKHWRZHU&7LDIXOO\WDSHUHGFTLLDIXOO\VWUDLJKW
FS DQG LLL D SDUWLDOO\ WDSHUHG PT )LJ  7KH DQDO\VLV RI WKH GRPDLQ WR SURGXFH WKH PRVW
FRQVLVWHQWDQGUHDOLVWLFRXWFRPHVVKDOOEHFRQVLGHUHGLQWKHFUHDWLRQRIWKHQRYHOVNHOHWRQ


Fig. 2'HYHORSLQJWKH'GRPDLQVEDVHGRQWKHJHRPHWU\RIWKHFRQYHQWLRQDOWRZHU&7 

0RUHRYHUWKH'GHVLJQGRPDLQVZHUHIRUPHGXVLQJWKHJHRPHWU\WRROVRI$OWDLU+\SHU0HVK7KH
GRPDLQV DV VKRZQ E\ +\SHU0HVK DQG WKHLU PDLQ FKDUDFWHULVWLFV FDQ EH YLVXDOLVHG LQ 7DEOH 
UHVSHFWLYHO\
'RPDLQ
&KDUDFWHULVWLFV 'LPHQVLRQVP
7\SH &DS 7DSHU %DVHJULGW
&DSZLGWK
Wc
&DSKHLJKW
Hc
7DSHUKHLJKW
Ht
7RWDOKHLJKW
H
)7 ' <HV <HV     
37 ' <HV <HV     
)6 ' <HV 1R     
Table 1.%DVLFFKDUDFWHULVWLFVDQGGLPHQVLRQVRIWKHILQDOGHVLJQHGGRPDLQV
 
 /RDGVDQGERXQGDU\FRQGLWLRQV

6WDWLF ZLQG ORDGLQJ ZLOO EH HPSOR\HG DW WKLV LQLWLDO HQGHDYRXU LQ GHYHORSLQJ GHVLJQV RI ODWWLFH
WRZHUVWKURXJKFRPSXWDWLRQDO672*XLGDQFHIRUSUHGLFWLQJWKHHIIHFWRIZLQGRQODWWLFHVWUXFWXUHV
LVSURYLGHGE\(&DQG',1LQFRQMXQFWLRQZLWK(&3DUWDQG',1UHVSHFWLYHO\
> @ 6WDWLF ZLQG IRUFHV DUH GHWHUPLQHG KHUHLQ EDVHG RQ (XURFRGHV DVVXPLQJ WKH WRZHU LV
VXEMHFWHGWRWKHZRUVWZLQGVFHQDULRWKDWWDNHVSODFHLQWKH8.%RWKPHWKRGVUHO\RQWKHVROLGLW\RI
WKHWRZHU>@$WWKLVVWDJHWKHRSWLPLVHGVWHHOODWWLFHWRZHUVWRSRORJ\KDVQRWEHHQGHYHORSHG
\HWDQGWKHUHIRUHWKHZLQGIRUFHVZHUHFDOFXODWHGEDVHGRQWKHDUUDQJHPHQWRIWRZHU&7


 7232/2*<237,0,6$7,21678'<

7KH UHVXOWLQJ WRSRORJ\ OD\RXWV ZLWKLQ D GRPDLQ DUH SUHVHQWHG ZLWKLQ WKLV VHFWLRQ 2QO\ WKH ILQDO
VROXWLRQVDUHSUHVHQWHGZLWKLQWKLVSDSHU7KHVHZHUHSURJUHVVLYHO\GHYHORSHGE\PDLQO\FKDQJLQJ
HOHPHQW WKLFNQHVVHVDQGLQWURGXFLQJPDQXIDFWXULQJFRQVWUDLQWVVXFKDVV\PPHWU\,QDGGLWLRQ WKH
SHQDOLVDWLRQIDFWRUµp¶ZDVNHSWDVIRU WKHDQDO\VLV7KHXVHRI WKHSHQDOW\IDFWRUHTXDO WR
ZLOO KHOS LQ LGHQWLI\LQJ ZKHWKHU ELJJHU PHPEHUV DUH UHTXLUHG WR WKH ERWWRP LH E\ LQGLFDWLQJ
KLJKHUGHQVLW\,QJHQHUDOLWZDVUHDOLVHGWKDWVHWWLQJWKHHOHPHQWWKLFNQHVVDWPPDQGYROXPH
IUDFWLRQVEHWZHHQDQGPDGHWKHRXWSXWRIERWKW\SHVRIDQDO\VHVFRKHUHQW

 7KHDSSOLFDWLRQRIV\PPHWU\


7R FUHDWH D WRSRORJ\ DEOH WR UHVLVW ZLQG LQ WKH ERWK GLUHFWLRQV V\PPHWU\ FRQVWUDLQWV ZHUH
LPSOHPHQWHG DV VKRZQ LQ )LJ  7ZR V\PPHWU\ D[HV ZHUH LQWURGXFHG LQ WKH ' GRPDLQ 37 WR
HQVXUHHQRXJKPDWHULDOGLVWULEXWLRQWRWKHERWWRPZKHUHKLJKRYHUWXUQLQJPRPHQWVWDNHSODFH
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
Fig. 4.6\PPHWULHVLQWURGXFHGRQHDFKGRPDLQ

 2SWLPLVDWLRQVWXG\RQWKH'GRPDLQV

7KHFKDUDFWHULVWLFVRIHDFKRSWLPLVDWLRQDQDO\VLVDUHVXPPDULVHGLQ7DEOH$VLWFDQEHREVHUYHG
WKHDQDO\VLVRIGRPDLQ37UHTXLUHGPRUHLWHUDWLRQVWRGHWHUPLQHWKHRSWLPDOGLVWULEXWLRQRIPDWHULDO
7KLVLVPDLQO\EHFDXVHRIWKHWZRV\PPHWU\D[HVXVHGIRULWVDQDO\VLV
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



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Table 2&KDUDFWHULVWLFVRIWKHRSWLPLVDWLRQDQDO\VHVSHUIRUPHGRQWKH'GRPDLQV
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$VLWFDQEHREVHUYHGE\WKHUHVXOWVGHSLFWHGLQ)LJWKHWRSRORJ\RIWKHGRPDLQ)7FRPSULVHVRI
WKUHH FRQVHFXWLYH µKLJKZDLVWHG¶ EUDFLQJV FORVHU WR WKH ERWWRP RI WKH WRZHU¶V IDFH GXH WR WKH
FRXSOLQJHIIHFWRIEHQGLQJDQGVKHDUDFWLRQV7KLVLVFRQILUPHGE\LQYHVWLJDWLQJWKHDQJOHVDVZHOO
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WKHDQJOHVDQGz KHLJKWRIWKHRSWLPXPFDQWLOHYHUEUDFLQJLOOXVWUDWHGE\6WURPEHUJHWDO>@,Q
DGGLWLRQ WKH PDWHULDO RI WKH FROXPQV LV OHVV GHQVH DW WKH WRS LQGLFDWLQJ WKH FKDQJH LQ WKH FURVV
VHFWLRQ VL]H IURP WKH ERWWRP WR WKH WRS RI WKH WRZHU D FRQFHSW DOUHDG\ DSSOLHG LQ WKH GHVLJQ RI
FRQYHQWLRQDOODWWLFHWHOHFRPPXQLFDWLRQWRZHUVDQGWDOOVWUXFWXUHV

'RPDLQ %RXQGDU\FRQGLWLRQV
,WHUDWLRQV
QXPEHU
(OHPHQWVWKLFNQHVVte
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9ROXPHIUDFWLRQ9I
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
)7 )XOOEDVHIL[HG   
)6 )XOOEDVHIL[HG   
37 )XOOEDVHIL[HG   
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Fig. 5.)XOO\WDSHUHGIDFHRSWLPLVDWLRQDORDGLQJVFHQDULREHOHPHQWGHQVLW\SORWF'UHQGHULQJSORW

$OWKRXJK DW WKH WRS EUDFLQJ SDQHO G LW VHHPV OLNH D µVKHDU SUREOHP¶ LV IRUPXODWHG WKH DQJOHV
REVHUYHG DJDLQ OHDQ WRZDUGV WKH RSWLPXP DQJOHV RI D µFDQWLOHYHU SUREOHP¶ EUDFLQJ +HLJKW z
LQGLFDWHG WKDWERWK WRSSDQHOV HDQGI ORRNPRUH OLNHKLJKZDLVWHGEUDFLQJVJRRGRQUHVLVWLQJ
VKHDUDQGEHQGLQJDFWLRQV7KHUHIRUHWKHRSWLPLVDWLRQDQDO\VLVUHVXOWVRIWKHIXOO\WDSHUHGGRPDLQ
LQGLFDWHGWKHXVHRIKLJKZDLVWHGEUDFHVWKURXJKRXWWKHIXOOKHLJKWRIWKHVWUXFWXUH,WLVDOVRQRWLFHG
WKDWDVWKHKHLJKWRIWKHWDSHUWRZHULQFUHDVHGKHLJKWµz¶RIHDFKSDQHOGHFUHDVHGH[FHSWSDQHOI

Fig. 6.,QWHUSUHWDWLRQRIWKHRSWLPLVHGWRSRORJ\RQWKHGRPDLQ)7

%HVLGHVDVLWZDVH[SHFWHGWKHRSWLPLVDWLRQRIWKHGRPDLQ)6LQ)LJSURYLGHG;EUDFLQJV\VWHPV
DUUDQJHPHQWWKURXJKRXW7KHUHVXOWLQJWRSRORJ\FRQVLVWHGRIIRXUEUDFLQJSDQHOVLQWRWDOZKHUHD
DQGEDUHKLJKZDLVWHGEUDFLQJV,QDGGLWLRQSDQHOF)LJVHHPVWRFRPSRVHDWRSRORJ\RID
µVKHDU SUREOHP¶ 7KLV LQIHUHQFH LV EDVHG RQ WKH IDFW WKDW WKH WRS DQJOH RI R DSSURDFKHV WKH
RSWLPDODQJOHUHVXOWLQJIURPDVKHDUSUREOHPLH>@WKHDQJOHVPXVWEHHTXDOWRR



Fig. 7.)XOO\VWUDLJKWIDFHRSWLPLVDWLRQDORDGLQJVFHQDULREHOHPHQWGHQVLW\SORWF'UHQGHULQJSORW

7KHDGGLWLRQDOVPDOOHUEUDFLQJV\VWHPIRUPHGDWWKHWRSRIEUDFLQJFZDVSRVVLEO\WKHEHVWZD\WR
VWLIIHQ WKH UHVXOWLQJ WRSRORJ\ XVLQJ WKH DYDLODEOH PDWHULDO YROXPH DQG WR VDWLVI\ WKH ZHLJKWHG
FRPSOLDQFHREMHFWLYHIXQFWLRQ7KHDQJOHVREVHUYHGWRIRUSDQHOG LQGLFDWHDFDQWLOHYHUSUREOHP
WRSRORJ\V\VWHP ,W LVZRUWKQRWLQJ WKDW2SWL6WUXFW VLJQLILFDQWO\ UHGXFHG WKHQXPEHURI VWUXFWXUDO
HOHPHQWVUHTXLUHGIRUWKLVVWUXFWXUH


Fig. 8.,QWHUSUHWDWLRQRIWKHRSWLPLVHGWRSRORJ\RQWKHGRPDLQ)6

2SWLPLVLQJGRPDLQ37DYDLODEOHLQ)LJLWLVREVHUYHGWKDWWKHEUDFLQJSDWWHUQSURGXFHGDERYHWKH
WDSHUHGVHFWLRQLVLUUHJXODU+LJKZDLVWHGDQGRSWLPDOVKHDUEUDFLQJVDUHQRWIRXQGDWWKHH[SHFWHG
ORFDWLRQV7KLVLVEHFDXVHRIWKHFXUUHQWORFDWLRQRIWKHKRUL]RQWDOD[LVRIV\PPHWU\


Fig. 9.3DUWLDOO\WDSHUHGIDFHRSWLPLVDWLRQDORDGLQJVFHQDULREHOHPHQWGHQVLW\SORWF'UHQGHULQJ
SORW

,QWKHDQDO\VLVRIWKLVGRPDLQLWVHHPVWKDW2SWL6WUXFWVSOLWVWKHJLYHQYROXPHHTXDOO\DERXWHDFK
D[LV RI V\PPHWU\ 7KHUHIRUH LW FDQ EH DUJXHG WKDW V\PPHWU\ FRQVWUDLQWV DUH XVHG WR REWDLQ
V\PPHWULFDOGLVWULEXWLRQRIPDWHULDOUDWKHUWKDQJHRPHWULHV

 &21&/86,216$1'5(0$5.6

7KH PRVW FRQVLVWHQW UHDOLVWLF DQG RSWLPDO WRSRORJ\ REWDLQHG ZDV RQ WKH ' GRPDLQ )7 DQG
WKHUHIRUH LW ZLOO EH VWXGLHG LQ WKH IXWXUH IXUWKHU WR EH HPSOR\HG IRU WKH GHVLJQ RI QRYHO
WHOHFRPPXQLFDWLRQ WRZHUV 7KH DLP WR FUHDWH DQ DHVWKHWLFDOO\ SOHDVLQJ ODWWLFH WHOHFRPPXQLFDWLRQ
WRZHUOD\RXWZLWKWKHSRWHQWLDORIFUHDWLQJDQH[RVNHOHWRQZLWKVLJQLILFDQWO\ORZVROLGLW\DQGPDVV
LV IXOILOOHG 7KH QHZ WRSRORJ\ FRPSULVHV D FRQWHPSRUDU\ DQG LQWULJXLQJ GHVLJQ IRU WKLV LQGXVWU\
)ROORZLQJ WKDW RSWLPLVHG WRZHU VNHOHWRQ LV QRW \HW FUHDWHG DQG WKHUHIRUH WKH WRSRORJ\ DQG LWV
RYHUDOOGHVLJQFDQEHLPSURYHGXQGHUDIXWXUHGHYHORSPHQWSURFHVVWRZDUGVWKHFRQVWUXFWLRQRIWKH
ILQDOQRYHOWRZHULHUHVHDUFKDQDO\VLVREVHUYHRSWLPLVH5HJDUGLQJWKHWRSRORJLHVREWDLQHGRQ
WKHUHVW'GRPDLQVLWVHHPHGVRPHZKDWFRPSOH[WRLQWHUSUHW2WKHULPSRUWDQWILQGLQJVLQUHODWLRQ
WRWKHRSWLPLVDWLRQVWXGLHVSHUIRUPHGLQFOXGHWKHIROORZLQJ

x ,QWKHYLFLQLW\RI)7GRPDLQVWKHKHLJKWz GHFUHDVHVZLWKWKHLQFUHDVHRIWKHGRPDLQKHLJKW
9DOXHVRIzUDQJHGIURP0.60HpWR0.75Hp
x $OWKRXJKIXUWKHULQYHVWLJDWLRQLVUHTXLUHGE\LQYHVWLJDWLQJEUDFLQJSDQHOVDEDQGFRIWKH
GRPDLQ)7LWFDQEHDUJXHGWKDWUHGXFWLRQRIWKHWRSZLGWKRIHDFKSDQHOLQUHODWLRQRIWKH
ERWWRPZLGWKRIWKHGRPDLQUHVXOWVLQUHGXFWLRQRIKHLJKWz
x 7KURXJKWKHDQDO\VLVRI37GRPDLQLWZDVUHDOLVHGWKDWUHDFKLQJWKHRSWLPDOVROXWLRQPLJKW
PHDQWKDWLWLVQHFHVVDU\WRFRPELQHRSWLPDOOD\RXWVUHVXOWLQJIURPGLIIHUHQWDQDO\VHV
x $QJOHVRIKLJKZDLVWHGEUDFLQJVREVHUYHGLQWKHDQDO\VLVRI)7DQG)6GRPDLQVZHUHVLPLODUWR
WKHRSWLPXPDQJOHVRIKLJKZDLVWHGEUDFLQJVGHPRQVWUDWHGE\6WURPEHUJHWDO>@
x 7KHPDWHULDOGLVWULEXWLRQLVKHDYLO\GHSHQGHQWRQVWUHVVSDWKVWUDMHFWRULHVJHQHUDWHGZLWKLQWKH
GRPDLQLQDFFRUGDQFHWRWKHORDGLQJVFHQDULRDQGVXSSRUWFRQGLWLRQV7KHRSWLPLVDWLRQ
WHFKQLTXHVXVHGLQGLFDWHGRQHUHDVRQDEOHDQGFRQVLVWHQWFRQFHSWXDOOD\RXW1RWDOOVWXGLHV
LQGLFDWHGWKHVDPHFRQVLVWHQF\LQXQGHUVWDQGLQJWKHDUUDQJHPHQWRIYRLGVDQGPDWHULDO
7KHUHIRUHDGHWDLOHGSDUDPHWULFRSWLPLVDWLRQVWXG\LVIXUWKHUUHTXLUHGIRUGHYHORSLQJWKH
RSWLPDOOD\RXWV
x %\LQVSHFWLRQLWFDQEHVDLGWKDWWKHQXPEHUVRILQGLYLGXDOVWUXFWXUDOFRPSRQHQWVIRUDVLQJOH
WRZHU¶VIDFHDUHPXFKORZHURQWKHRSWLPXPOD\RXWVLQFRPSDULVRQWRWKLVRIPRGHO&7
&RQVHTXHQWO\WKHRSWLPLVHGWRZHUZLOOEHVLJQLILFDQWO\OLJKWHUDQGSRWHQWLDOO\KDYHPXFKORZHU
VROLGLW\WKDQWKHFRQYHQWLRQDOVWUXFWXUHV
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DQGHDV\WRFRQVWUXFWWRZHUWRSRORJ\
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ǼʌȓțȠȣȡȠȢȀĮșȘȖȘĲȒȢ
ǼȡȖĮıĲȒȡȚȠȂİĲĮȜȜȚțȫȞȀĮĲĮıțİȣȫȞ
ȉȝȒȝĮȆȠȜȚĲȚțȫȞȂȘȤĮȞȚțȫȞ
ǹȡȚıĲȠĲȑȜİȚȠȆĮȞİʌȚıĲȒȝȚȠĬİııĮȜȠȞȓțȘȢǼȜȜȐįĮ
HPDLOYHIWK#FLYLODXWKJU


ȆǼȇǿȁǾȌǾ

ɇʏʉ ʋʄɲʀʍɿʉ ʏɻʎ ɲʆɳʋʏʐʇɻʎ ʆɹʘʆ ʅɸɽʊɷʘʆ ʍʖɸɷɿɲʍʅʉʑ ʏʘʆ ʃɲʏɲʍʃɸʐʙʆ ɲʌʅʉɷɿʊʏɻʏɲʎ Ʌʉʄɿʏɿʃʉʑ
ɀɻʖɲʆɿʃʉʑ  ? ɻ ʏʉʋʉʄʉɶɿʃɼ ɴɸʄʏɿʍʏʉʋʉʀɻʍɻ ɲʋʉʃʏɳ ʉʄʉɹʆɲ ʃɲɿ ɲʐʇɲʆʊʅɸʆʉ ɸʆɷɿɲʔɹʌʉʆ ? ʃɲɽʙʎ ʅɹʍʘ
ʅɲɽɻʅɲʏɿʃʙʆ ɸʌɶɲʄɸʀʘʆ ɸʋɿʏʐɶʖɳʆɸʏɲɿ ʃɲʄʑʏɸʌɻ ʃɲʏɲʆʉʅɼ ʐʄɿʃʉʑ ʋʉʐ ʅʋʉʌɸʀ ʆɲ ɸʋɿʔɹʌɸɿ ʍɻʅɲʆʏɿʃɼ
ɴɸʄʏʀʘʍɻ ʏɻʎ ɲʆɲʄʉɶʀɲʎ ɴɳʌʉʐʎ ?ɷʐʍʃɲʅʗʀɲʎ ʍɸ ɷʉʅɿʃɳ ʍʏʉɿʖɸʀɲ ɸʇɲʍʔɲʄʀɺʉʆʏɲʎ ɿʍʉʌʌʉʋɻʅɹʆɻ
ɸʇʉɿʃʉʆʊʅɻʍɻ ʃʊʍʏʉʐʎ  ?ɲʋʊɷʉʍɻʎ  ? ɸʆʙ ʅʋʉʌɸʀ ʆɲ ɸʋɿʏɸʐʖɽɸʀ ɲʆɲɴɲɽʅɿʍʅɹʆʉ ɲɿʍɽɻʏɿʃʊ ɲʋʉʏɹʄɸʍʅɲ
ɲʌʖɿʏɸʃʏʉʆɿʃɼʎ ʅʉʌʔɼʎ  ? ȸ ʋɲʌʉʑʍɲ ɸʌɶɲʍʀɲ ɸʋɿʖɸɿʌɸʀʆɲ ɷɿɲʅʉʌʔʙʍɸɿ ʅʀɲ ʆɹɲ ʋʌʊʏɲʍɻ ʔʉʌɹɲ
ɲʆɲʔʉʌɿʃɳ ʅɸ ʏɻʆ ʋɸʌʀʋʏʘʍɻ ʏʘʆ ʖɲʄʑɴɷɿʆʘʆ ɷɿʃʏʐʘʏʙʆ ʋʑʌɶʘʆ ʏɻʄɸʋɿʃʉɿʆʘʆʀɲʎ ? ɸʔɲʌʅʊɺʉʆʏɲʎ ʏɻʆ
ʏʉʋʉʄʉɶɿʃɼɴɸʄʏɿʍʏʉʋʉʀɻʍɻ ?ɀɹʍʘʏɻʎʖʌɼʍɻʎ ?ɹʇʐʋʆʘʆ ?ʅɲɽɻʅɲʏɿʃʙʆɲʄɶʉʌʀɽʅʘʆʃɲɿʏɻʎʐɿʉɽɹʏɻʍɻʎ
ɷɿʍɷɿɳʍʏɲʏʘʆ ɷɿɲɷʉʖɿʃʙʆ ʋʌʉʍɸɶɶʀʍɸʘʆ ? ɲʆɲʋʏʑʖɽɻʃɸ ʅʀɲ ʆɹɲ ʏʉʋʉʄʉɶʀɲ ɷɿʃʏʐʘʏʉʑ ʋʑʌɶʉʐ  ?ŚŝŐŚ ?
ǁĂŝƐƚĞĚ ďƌĂĐŝŶŐ ƚǇƉĞ  ?  ? ʏʉʐ ʉʋʉʀʉʐ ɻ ɷʉʅɿʃɼ ʍʐʅʋɸʌɿʔʉʌɳ ɸʄɹɶʖɽɻʃɸ ʅɹʍʘ ʃɲʏɳʄʄɻʄʘʆ ʐʋʉʄʉɶɿʍʏɿʃʙʆ
ɸʌɶɲʄɸʀʘʆ ?




